We have adapted our previously described poliovirus diagnostic reverse transcriptase-PCR (RT-PCR) assays to a real-time RT-PCR (rRT-PCR) format. Our highly specific assays and rRT-PCR reagents are designed for use in the WHO Global Polio Laboratory Network for rapid and large-scale identification of poliovirus field isolates.
3
Text Four methods are currently in routine use in the WHO Global Polio Laboratory Network (GPLN) (3, 14, 15) for the differentiation between vaccine-related and wild poliovirus isolates (intratypic differentiation): 1) ELISA using highly specific crossabsorbed antisera (13), 2) nucleic acid hybridization using Sabin vaccine strain-specific RNA probes (4), 3) reverse transcriptase PCR (RT-PCR) using vaccine strain-specific primers (16) , and 4) RT-PCR followed by restriction fragment length polymorphism analysis (RT-PCR/RFLP) (1, 13) . To achieve the required specificities for binding to variable target sequences, our RT-PCR primers were designed to contain mixed-base or inosine residues at positions of codon degeneracy (8, 9) . In the poliovirus diagnostic RT-PCR kits currently distributed throughout the GPLN, identifications are based upon the mobilities of amplicons in polyacrylamide gels (8, 9, 15, 16) . This approach, while achieving high the diagnostic accuracy and reliability required for global poliovirus surveillance, is especially laborious for GPLN laboratories with high workloads.
Development of real-time RT-PCR (rRT-PCR) has opened the way for more rapid and accurate diagnostic assays (2) . We have adapted our previously described poliovirus diagnostic RT-PCR methods (7-9) to the real-time format with an emphasis on high template specificities rather than quantitative determination of template concentrations.
These new assays were tested against both Sabin vaccine-related isolates and wild poliovirus isolates representing all currently circulating genotypes.
The enterovirus group-specific (panEV) primers are essentially as described previously (10, 17) . To accommodate the wide variability and rapid evolution of poliovirus genomes, degenerate codon positions on the template were matched to mixed-base or deoxyinosine residues on both the primers and the TaqMan probes. Design of the degenerate TaqMan probes (15 pmol probe for each assay) was especially challenging because of the need to use longer sequences to obtain good hybrid stabilities while simultaneously compensating for the high degeneracy of sequences between primer binding sites. Although hybrid stabilities can be estimated by physico-chemical calculations (12) , development of the optimal primer and probe sets was a highly empirical process because variation within the target sequences was not predictable. The degenerate poliovirus group-specific (panPV, 80 pmol) and poliovirus serotype-specific (seroPV1, seroPV2, seroPV3; 40-80 pmol) primer pairs are similar to those described previously (8, 9) (Table S1 ). All contain numerous mixed-base and inosine-containing residues to compensate for the high variability in capsid region target sequences within and across poliovirus serotypes.
Although the panPV and seroPV sense primers were unchanged, three of the four antisense primers were modified from the original descriptions. The new panPV/PCR-1* primer target sequences are shifted 24 nucleotides downstream from those of the original panPV antisense primer (8) , and encode the conserved amino acid residues (VYQIMYV).
The new 103-bp amplicon contains the codons of an eight amino-acid sequence (NNGHALNQ) that has been found only in polioviruses (9) . This sequence includes the initiating primer sequences we described previously (8) , and is now targeted by panPV on September 21, 2017 by guest http://jcm.asm.org/ Downloaded from 5 probe 21A. The new seroPV1A* primer targets the same sequences as the original primer but with three base replacements, and the new seroPV3A* primer is two bases longer at the 5 -end and contains four base replacements (Table S1 ). The panPV, panEV, and seroPV TaqMan probes all contained FAM at the 5 -end and BHQ1 at the 3 -end.
The original Sabin-strain primers (10 pmol each) were designed to generate amplicons with optimal resolution and spacing on polyacrylamide gels (16, 17) , but the new primers and probes (5 pmol each in a multiplex assay; S1-CY5, S2-FAM, S3-ROX) were designed to target non-overlapping Sabin strain-specific sequences (Fig 1F-H) . To maximize specificity to Sabin strain-related isolates, which usually show limited sequence variability, the Sabin primers and probes are non-degenerate.
The specificities of our rRT-PCR assays were tested against a large collection of poliovirus and other human enterovirus species C (HEV-C) isolates that had previously been characterized by sequencing of at least the ~900-nucleotide VP1 region. The panEV and panPV assays ( Fig. 1A-1B The sensitivities of our poliovirus rRT-PCR assays are approximately equivalent to our previously described standard RT-PCR assays (8, 9, 16) . Sensitivities were maximized when the templates were RNAs extracted from infected cells. However, all assays also perform well with template present in 0.5 l of undiluted clarified lysate of infected RD cells. RD cells (ATCC CCL-136) are recommended because poliovirus titers are generally higher (~1 log) than in L20B cells [mouse L cells expressing the human receptor for poliovirus (11) ].
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